Purpose. To review the outcome of single-stage posterior instrumentation for progressive tubercular thoracic and thoracolumbar kyphosis in 45 patients. Methods. Records of 16 men and 29 women aged 20 to 59 (mean, 34.
introduction
The incidence of tuberculosis has declined since the introduction of anti-tuberculous therapy (ATT). 1 Nonetheless, it remains high in Bangladesh, with an annual incidence of 220 per 100 000. 2 Delayed diagnosis is common 3 and can result in kyphotic deformity of the thoracic, thoracolumbar, lumbar, and lumbosacral spine. 4 Early prevention and deformity correction along with ATT is important. 5, 6 Deformity more commonly occurs and rapidly progresses in the thoracic and thoracolumbar spine than in other regions of the spine. 7 Early prediction of the kyphotic angle can be made by calculating the initial vertebral body loss. 8 Surgical treatment for deformity includes anterior debridement and fusion, anterior fusion and posterior instrumentation, posterior fusion followed by anterior fusion, and posterior instrumentation alone. 5 Anterior debridement and fusion with or without posterior instrumentation remains the treatment of choice. 9 With advances in posterior techniques and systems, the posterior approach has become increasingly popular and avoids the morbidity of anterior surgery. [10] [11] [12] [13] [14] [15] It enables access to both the anterior and posterior aspects of the spine through a single incision. 16 Appropriate case selection is more important than the surgical method to obtain a favourable outcome. 17 This study reviewed the outcome of single-stage posterior instrumentation for progressive tubercular thoracic or thoracolumbar kyphosis in 45 patients.
Materials and Methods
Records of 16 men and 29 women aged 20 to 59 (mean, 34.1) years who underwent single-stage posterior instrumentation for active thoracic (n=27) or thoracolumbar (n=18) tuberculosis with para-spinal abscess intracanal extension by a single surgeon between July 2004 and June 2015 and were followed up for a minimum of 5 years were reviewed. Patients with inactive or healed tubercular kyphosis, >1 level para-vertebral involvement, non-contiguous spinal lesion, or previous spinal surgery were excluded, as were skeletally immature patients.
Diagnosis was made based on the erythrocyte sedimentation rate, C-reactive protein, Mantoux skin test, radiography, magnetic resonance imaging, computed tomography-guided fine needle aspiration cytology, and histopathology.
The number of vertebrae involved ranged from one to 5, but only one paravertebral region was collapsed. The involved vertebrae were T3-4 (n=2), T4-5 (n=9), T5-6 (n=5), T6-7 (n=6), T7-8 (n=4), T8-9 (n=1), T10-11 (n=5), T11-12 (n=2), T12-L1 (n=4), and L1-2 (n=7). Despite one month of ATT, 17 bed rest, and brace immobilisation, all patients had unremitting pain and/or neurological involvement as well as a preoperative kyphosis of 0° to 30° and a predicted kyphosis of >30°.
Treatment included posterior decompression by laminectomy, anterior debridement by transpedicular decompression and interbody fusion with or without cage and morcelised bone-graft, and posterior long segment spinal stabilisation with pedicular screws and rods.
The patient was placed prone under general anaesthesia. A midline incision was made and extended both proximally and distally. The paraspinal muscles were retracted up to the level of the transverse processes. Pedicle screws (5.5 mm in diameter) of adequate length were placed a minimum of 2 levels above and below the affected vertebra. The titanium rod (5 mm in diameter) was fixed on one side to allow distraction if needed. Posterior decompression of the neural elements by laminectomy and removal of the curdy purulent exudates was performed. Under adequate distraction, transpedicular partial/total corpectomy was performed using the curettes and osteotome. The length of the non-expandable mesh cage/ interbody cage was measured and packed with autografts from the spinous process. To place the cage with bone graft, the ipsilateral nerve root was sacrificed in 2 patients with thoracic involvement, and accidental dural tear occurred and repaired after repositioning the neural elements in another 2 patients. The lateral gaps around the cage were packed with the remaining morcelised autograft and impacted with the bone graft impactor. The titanium rods were placed on both sides, and adequate compression screws were retightened. The prepared bone grafts were placed posterolaterally, and a spongostum was placed over the exposed dural sac. The wound was closed in layers with a drain kept in situ.
Postoperatively, patients were discharged after 2 weeks. ATT was continued for at least 12 months (pyrazinamide, ethambutol, isoniazid, and rifampicin for the first 3 months and the last 2 drugs for further 9 months) or until the lesion healed. The brace support was continued for 6 months. The instrument was not removed.
Neurological status was evaluated using the Frankel grading. 18 Pain was assessed using the visual analogue score (VAS). 19 Disability status was assessed using the Oswestry Disability Index (ODI). 20 Patients were followed up at 6 weeks, 3 months, 6 months, and yearly thereafter. 21 Outcome was graded according to the Kim and Lee criteria, 22 in which excellent or good was considered satisfactory.
Kyphosis at presentation, preoperation (after one month of conservative therapy), immediate postoperation, and 5-year follow-up was measured on radiographs to determine kyphosis progression (kyphosis at preoperation minus at presentation), correction of deformity, postoperative loss of correction, and residual deformity ( Fig.) . Predicted kyphosis was based on vertebral body loss, which is measured by dividing each vertebral body into 10 equal parts and adding the amount of destruction. 8 Comparison was made using the Chi-square test, paired t-test, unpaired t-test, z test, and Pearson correlation coefficient test as appropriate. A p value <0.05 was considered statistically significant.
results
Of the 27 patients with thoracic involvement, 7 and 20 were classified as Frankel grade D and E at presentation, respectively ( Table 1) Respectively for 27 and 18 patients with thoracic and thoracolumbar involvement, at 5 years the mean VAS score improved from 5.5 to 1.9 (p<0.001) and from 6.8 to 1.5 (p<0.001), whereas the mean ODI improved from 60.8 to 11.7 (p<0.001) and from 57.5 to 7.6 (p<0.001). The outcome was excellent in 17 and 11, good in 7 and 5, and fair in 3 and 2 patients, respectively ( Table 1) .
The mean kyphosis progression from presentation to preoperation (after one month of conservative therapy) was from 20.2º to 26.2º and from 10.3º to 14.1º, respectively, whereas the corresponding mean predicted kyphosis progression was from 15.5º to 48.1º and from 13.8º to 50.4º ( Table 2 ). The actual progression correlated with predicted progression. The respective mean correction of deformity was -8.1º and -8.5º; the respective mean residual deformity was 4.1º and 6.8º; and the respective mean loss of correction at 5 years was 1.9 and 1.9. There was no loss of correction after 2-year follow-up.
One patient with thoracolumbar involvement had an unsatisfactory erythrocyte sedimentation rate and C-reactive protein level, and ATT was prolonged to 18 months. Two patients had a dural tear, and 3 patients had a transient root injury. Two diabetic patients in the age-group of 50 to 59 years had superficial wound infection, which was treated with debridement and antibiotics. One patient had downward migration of one rod at 30 months but remained asymptomatic.
discussion
Most patients with spinal tuberculosis can be effectively treated with ATT alone. 5, 8 Nonetheless, delayed diagnosis and treatment may lead to kyphosis, neurological deficit, and even paraplegia. Surgery can arrest progression and correct kyphosis. Single-stage posterior transpedicular decompression and fusion (with cage and autografts) is increasingly popular in developing countries. 23 This prevents deformity progression and has a detrimental effect in controlling active infection, 24 and also enables a wide decompression. Prophylactic ATT is recommended * Data are presented as mean±SD or no. (%) of patients 
prior to and following surgery to prevent reactivation of tuberculosis, implant loosening, loss of correction, and a complex revision surgery. 25, 26 Decompression of the spinal cord enhances neurological recovery through debridement of the tubercular caseous tissue, debris, and sequesters from the vertebral body and disc. Recovery is faster and more complete in patients with early surgery in active disease than in those with chronic disease and deformity. Our patients had rapid deterioration of neurological status despite adequate conservative therapy for one month, and had significant neurological recovery after surgery. This was comparable with the results of other studies. 27, 28 Patients with ATT alone have a mean deformity progression of 11º for thoracic vertebrae and 15° for thoracolumbar vertebrae, and 3% to 5% of these patients have ≥60° deformity. 6, 8 Progressive deformity and collapse varies during the active phase and is usually influenced by the severity of destruction, the level of the lesion, and the age of the patient. 7 Consistent with another study, 29 in our study the actual kyphosis progression was more severe in patients with thoracic than thoracolumbar involvement, but the predicted kyphosis progression was found to be more severe in those with thoracolumbar than thoracic involvement. This was due to more vertebral body loss secondary to more stress and movement of the thoracolumbar region. One vertebral body height loss gives rise to about 30º to 35º kyphosis, and late-onset paraplegia may develop if kyphosis ≥60º. 6 Early surgical intervention can prevent such poor outcome.
The long posterior transpedicular instrumentation acts as a tension-band device and provides rigid segmental fixation along the 3 columns of the spine to maintain the correction. 30 It prevents posterior graft dislodgement and enhances fusion. 31 The posterior approach for tubercular spondylitis is associated with a low rate of complications. [27] [28] [29] [30] [31] [32] Avoidance of the anterolateral or combined anteroposterior approach prevents the risk of lung deflation-related complications. The transpedicular approach enables visualisation of the spinal cord and nerve roots and does not require a great retraction or manipulation. It enables adequate global removal of the anterior, lateral, and posterior cuff of dead tissue as well as posterior instrumentation. The posterior approach enables adequate exposure and introduction of the cage without affecting the morbidity because of overlapping of the dermatomes. 33 There were limitations to our study. The time of disease onset could not be precisely defined. The factors associated with kyphosis progression during the month of conservative treatment were not known. The incidence of kyphosis progression was not assessed. Computed tomography was not routinely used to assess corpus destruction and bony fusion owing to financial constraints. Both interbody cage and mesh cage were used, but their effect on maintenance of correction was not assessed. Longer follow-up is needed to determine loss of correction, implant failure, and need for revision.
conclusion
Single-stage posterior instrumentation combined with continued ATT for a minimum 12 months is a viable option for early progressive thoracic and thoracolumbar tubercular kyphosis.
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